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(57) ABSTRACT 

The present device relates to a method for automatically 
determining the installation positions of wheels in a motor 
vehicle. The motor vehicle has a direct measure tire pressure 
monitoring system includes individual wheel tire pressure 
measuring devices and transmitting devices for the transfer 
of TPMS data containing tire air pressure values and iden 
tification numbers of the individual wheels to a receiving 
and evaluating device installed in or on the vehicle. The 
motor vehicle also includes an indirect measuring tire pres 
Sure monitoring system determining DDS data containing 
air pressure changes and installation positions from the 
rotational behavior of the individual wheels. The method 

includes determining correlation coefficients from the TPMS 
data and the DDS data by using a correlation function. 
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METHOD FOR AUTOMATICALLY DETERMINING 
THE FITTING POSITIONS OF TRES IN A 

MOTOR VEHICLE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a method for the 
automatic determination of the installation positions of 
wheels in a motor vehicle. 

0002 DE 42 05911A1 discloses a monitoring device for 
the air pressure of tires of vehicle wheels. However, the 
realization presented therein is very Sophisticated. An 
embodiment mentioned therein includes an associated 
receiver on the vehicle for each transmitter in the wheel, 
while another embodiment is based on a combined trans 
mitting/receiving unit in the wheel and one or more receiv 
ing units on the vehicle. The individual wheels are allocated 
to their installation positions by way of a so-called pairing 
process, which is carried out either manually or automati 
cally. In the manual pairing process, an operator allocates the 
wheels to their installation positions. Therefore, the manual 
pairing process is very time-consuming and labor-intensive 
and, in the event of a faulty operation, can cause a wrong 
allocation of the individual wheels to their installation 
positions. The automatic pairing process renders a correct 
allocation of the individual wheels to the installation posi 
tions possible. However, the technical effort needed is very 
comprehensive and costly as it necessitates additional hard 
ware, e.g. several receiving antennas. 
0003) DE 19721 480 A1 discloses a method for detecting 
pressure loss in the vehicle tire. As the method is based on 
signals being obtained from rotational wheel speeds of 
several vehicle wheels, it is possible to allocate the wheel 
with air pressure loss to the respective, actually existing 
mounting position. However, the method is inappropriate to 
determine an absolute pressure value of the individual 
wheels. 

SUMMARY OF THE INVENTION 

0004. In view of the above, an object of the invention 
involves providing a low-cost method, which furnishes data 
about absolute air pressure values and the mounting posi 
tions. 

0005. This object is achieved by means of the method for 
the automatic determination of the installation position of 
wheels in a motor vehicle. The method includes receiving 
tire pressure monitoring system data (TPMS) from a direct 
measure tire pressure monitoring system, receiving deflation 
detection data from an indirect tire pressure monitoring 
system and determining correlation coefficients from the 
TPMS data and the deflation data by means of a correlation 
function. 

0006 The correlation coefficients are preferably deter 
mined from first allocation functions and second allocation 
function by using a correlation function. 
0007. The first allocation functions are preferably pro 
duced from the TPMS data describing all possible alloca 
tions of the identification numbers to the installation posi 
tions, and an individual characteristic value is allocated to 
each possible allocation. Further, in the preferred embodi 
ment described herein, the second allocation functions are 
produced from the DDS data assigning in each case another 
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individual characteristic value to each possible installation 
position of a wheel. Preferably, the first allocation functions 
are composed of 24 functions F dmR i ( describes an 
integral index which can assume values between 1 and 24; 
i describes a consecutive index), which describe all possible 
allocations of the identification numbers to the installation 
positions in a four-wheel vehicle. In a furthermore preferred 
manner, the second allocation functions in a four-wheel 
vehicle are composed of four functions F imR i (i describes 
another consecutive index), which describe the possible 
installation positions (left front, right front, left rear, right 
rear). 
0008. In another preferred embodiment of the current 
method, the correlation function comprises an averaging 
operation as a function of time. 
0009 Preferably, the correlation function is obtained 
from a quotient, from a dividend essentially composed of a 
multiplication of the first allocation functions with the 
second allocation functions, and a divisor essentially com 
posed of a multiplication of the squared first allocation 
functions with the squared second allocation functions. 
0010. In another preferred embodiment, the correlation 
coefficients represent numerical values describing probabili 
ties, whether the selected allocation of the identification 
numbers to the installation positions is coincident with the 
actual allocation, while the time averaging operation causes 
a standardization of the numerical values to a range of 
values, in particular to a range between -1 and +1. 
0011 Advantageously, all calculated correlation coeffi 
cients are compared with each other, and the correlation 
coefficient with the maximum absolute numerical value 
irrespective of sign represents the correct allocation of the 
wheels to the installation positions. Subsequently, the iden 
tification numbers are allocated to the installation positions 
according to the determined allocation. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0012 Further preferred embodiments can be taken the 
following description of an embodiment. 

0013 The method is based on a direct measuring tire 
pressure monitoring system (TPMS; Tire Pressure Monitor 
ing System) with four transmitting wheel pressure modules 
and a receiving and evaluating device. In this system each 
wheel is equipped with a tire pressure measuring device 
including a transmitting device which transmits TPMS data 
to the receiving and evaluating device, said data being 
composed for each wheel of a wheel-related identification 
number and the air pressure pertaining to this wheel. Since 
the directly measuring tire pressure monitoring system 
described above, without a pairing process described here 
inabove or any other allocation process, is not in a position 
to realize an allocation of the wheels to their installation 
positions merely by way of the identification numbers, 
further information is required that allows allocating the 
wheels to their installation positions. This additional infor 
mation, hereinbelow referred to as DDS data, is obtained 
from an indirectly measuring tire pressure monitoring sys 
tem (DDS; Deflation Detection System), which determines 
changes in the air pressure from the rotational behavior of 
the individual wheels and is therefore appropriate to deter 
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mine the installation position of a wheel exhibiting pressure 
loss. The directly measuring tire pressure monitoring system 
transmits the TPMS data to the receiving and evaluating 
device. The indirectly measuring tire pressure monitoring 
system preferably produces reference values being indica 
tive of tire pressure loss. The TPMS data is changing during 
driving, more or less constantly, e.g. due to the influence of 
temperature. DDS data is also influenced during driving due 
to numerous disturbing effects such as changing rolling 
circumferences of the wheel on account of wheel load 
variations, changes in the coefficient of friction, load varia 
tions, etc. The method of the invention is based on the fact 
that in a case of control the tire pressure changes of the 
TPMS data correlate with the changes of the DDS data. 
0014. According to the method of the invention, two 
allocation functions F imR (imR refers to the indirect 
measuring tire pressure monitoring system) and F dmR 
(dmR refers to the direct measuring tire pressure measuring 
system), which allow an allocation of the wheels to the 
installation positions by means of a correlation method and 
an evaluating method. 
0.015 The function F imR i (i refers to a consecutive 
index) assigns a value to a wheel. As this occurs, 

0016 F imR i=1, if wheel VR (right front) is faster, 
0017) F imR i=2, if wheel VL (left front) is faster, 
0018 F imR i=3, if wheel HL (left rear) is faster, 
0.019 F imR i=4, if wheel HR (right rear) is faster. 

0020. In this arrangement VR means right front, VL 
means left front, HL means left rear, and HR means right 
a. 

0021. Since the direct measuring tire pressure monitoring 
system transmits only an information about the absolute tire 
air pressure and the associated identification number ID X (X 
refers to an integral index from 1 to 4), all possible combi 
nations between the installation positions (VR, VL, HR, HL) 
and the identification numbers (ID 1, ID 2, ID 3, ID 4) 
must be tested. 24 different combinations result in a four 
wheel vehicle. These 24 functions F dmR i ( describes 
an integral index that can adopt values between 1 and 24; i 
describes a consecutive index) are calculated in the follow 
ing. The first function F dmR 1 i e.g. corresponds to the 
possible allocation: 

0022 VR=ID 1, VL=ID 2, HL=ID 3, HR=ID 4. 
0023. From this results the following allocation of values 
for the function F dmR 1 i: 

0024 F dmR 1 i=1, if the wheel with ID 1 has the 
higher rate of pressure reduction, 

0.025 F dmR 1 i=2, if the wheel with ID 2 has the 
higher rate of pressure reduction, 

0026 F dmR 1 i=3, if the wheel with ID 3 has the 
higher rate of pressure reduction, and 

0027 FdmR 1 i=4, if the wheel with ID 4 has the 
higher rate of pressure reduction. 

0028. The second function F dmR 2 i e.g. corresponds 
to the possible allocation VR=ID 2. VL=ID 3, HL=ID 4, 
HR=ID 1. 
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0029. The following allocation of values results from this 
for the function F dmR 2 i: 

0030 F dmR 2 i-1, if the wheel with ID 2 has the 
higher rate of pressure reduction, 

003.1 F dmR 2 i-2, if the wheel with ID 3 has the 
higher rate of pressure reduction, 

0032) F dmR 2 i-3, if the wheel with ID 4 has the 
higher rate of pressure reduction, and 

0033 F dmR 2 i-4, if the wheel with ID 1 has the 
higher rate of pressure reduction. 

0034 Corresponding values are allocated to the functions 
F dmR 3 i to F dmR 24 i. 

0035. The 24 correlation coefficients Korr j ( describes 
an integral index, which can adopt values between 1 und 24) 
are determined according to the equation 

W 

(F imR i). (F dmR i) - 
i= 

1 W. W 
N X. (F imR i). 2. (F dmR i) 

i=l 

W 1 2 0.5 

( X (F mRi (3. F mR) i=l i 

Korr j = 

W 1 N 2 (i. (F dmRij (3. F dmRii) i=1 i 

N indicates the number of measurements. 

0036) The correlation coefficients Korr are in the range 
-1 SKorr is +1. The function F dmR i, having a corre 
lation coefficient Korr whose absolute value irrespective 
of sign is considerably higher than all other correlation 
coefficients Korr j, describes with a high rate of probability 
the correct allocation of the identification numbers (ID 1. 
ID 2, ID 3, ID 4) to their installation positions (VL, VR, 
HL, HR). 
0037. The allocation of the function F dmR 1 i with 
VR=ID 1, VL=ID 2, HL=ID 3, HR=ID 4 e.g. describes 
the correct allocation. This means that the correlation coef 
ficient Korr 1 has a considerably higher absolute value 
irrespective of sign than the other calculated correlation 
coefficients. 

1-7. (canceled) 
8. A method for automatically determining installation 

positions of wheels in a motor vehicle, the method com 
prising: 

receiving tire pressure monitoring system data (TPMS) 
from a direct measure tire pressure monitoring system, 
wherein the direct measure tire pressure monitoring 
system having tire pressure measuring devices and 
transmitting devices for transferring the TPMS data 
containing tire pressure values and identification num 
bers of individual wheels; 

receiving deflation detection data from an indirect mea 
Suring tire pressure monitoring system determining 
deflation detection data from rotational behavior of the 
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individual wheels, said deflation data containing pres 
Sure changes and installation positions; and 

determining correlation coefficients from the TPMS data 
and the deflation data by means of a correlation func 
tion. 

9. The method of claim 8, wherein the correlation coef 
ficients are determined from first allocation functions and 
second allocation functions by using the correlation func 
tion. 

10. The method of claim 9, wherein the first allocation 
functions describe all possible allocations of the identifica 
tion numbers to installation positions are produced from the 
TPMS data, and an individual characteristic value is allo 
cated to each possible allocation, and in that the second 
allocation functions are produced from the deflation detec 
tion data and assigned in each case another individual 
characteristic value to each possible installation position of 
a wheel. 

11. The method of claim 8, wherein the correlation 
function comprises an averaging operation as a function of 
time. 

12. The method of claim 9, wherein the correlation 
function is obtained from a quotient, from a dividend 
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essentially composed of a multiplication of the first alloca 
tion functions with the second allocation functions, and a 
divisor essentially composed of a multiplication of the 
squared first allocation functions with the squared second 
allocation functions. 

13. The method of claim 9, wherein the correlation 
coefficients represent numerical values describing probabili 
ties, whether the selected allocation of the identification 
numbers to the installation positions is coincident with the 
actual allocation, while the time averaging operation causes 
a standardization of the numerical values to a range of 
values, in particular to a range between -1 and +1. 

14. The method of claim 13, wherein all of the calculated 
correlation coefficients are compared with each other, and 
the correlation coefficient with the maximum absolute 
numerical value irrespective of sign represents the correct 
allocation of the wheels to the installation positions, and in 
that the identification numbers are allocated to the installa 
tion positions according to the determined allocation. 


